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SECTION 1

PURPOSE

The purpose of this contract is to carry out research work for a
period of 30 months commencing June 1, 1962, and ending November 30,
1964, involving investigations leading to approaches to the attainment of
high reliability in subminiature ceramic capacitors and the determination
of failure rate as a function of voltage and temperature.

In particular, this involves the following:

(1) Construction of a model or theory to predict failure mechanisms
and failure rates as a function of voltage and temperature.

(2) Development and evaluation of a short-term test to eliminate
early failures effectively without shortening the time to the
we arout mode of failure.

(3) A determination of the failure rate as a function of voltage and
temperature through large-scale life testing. From the data
thus obtained, derating curves will be derived and overall
failure rates for operating conditions will be estimated. The
theory developed will be critically examined and refinements
made.

(4) Compilation of quarterly progress reports in accordance with
Signal Corps Technical Requirements No. SCL-2101N, dated
14 July 1961.

(5) Compilation of a final report in accordance with Signal Corps
Technical Requirements No. SCL-Z!01N, dated 14 July 1961.
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SECTION 2

ABSTRACT

A slight change in the ceramic composition of the C67 Case Size I
MONOLYTHIC® capacitor has produced improved current stability which
promises longer life. Characteristics of the improved capacitor with respert

to leakage and voltage, temperature and time, are presented. An experiment
has been started to examine the efficacy of a selection technique for the
detection of potential early failures among the improved capacitors.

Life testing of 753 capacitors of the original version was continued.
Pre-life test characteristics appear to support the life time formula
developed during the seventh quarter, although not all the characteristics

* contained in the formula were determined on the individual capacitors before
the start of testing because the formula was developed after the start of life

" testing. The importance of the elements contained in the life time formula
-is indicated by the results of other testing presented.
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SECTION 3

PUBLICATIONS, LECTURES, REPORTS, AND CONFERENCES

(1) The Seventh Quarterly Report, covering the period December 1,
1963 - February 29, 1964, was submitted for U. S. Army Electronics
Research and Development Agency approval. Approval was received,
and the report was distributed per USAERDA instructions.

(2) On March 17, 1964, a conference was held at Fort Monmouth, New
Jersey, to discuss progress to date and future work on this contract,
Attending from USAERDA were Miss Jeanne Allen and Mr. H. L.
Stout. Attending from Sprague Electric Company were Mr. T. I.
Prokopowicz, Dr. D. M. Smyth, and Dr. G. A. Shim.

(3) On April 29, 1964, a similar conference was held at Fort Monmouth.
Attending from USAERDA were Miss Jeanne Allen and Mr. H. L.
Stout. Attending from Sprague Electric Company were Mr. T. I.
Prokopowvicz and Mr. F. B. Schoenfeld.
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SECTION 4

FACT UAL DATA

4. 1 Construction of C67 Case Size I Monolythic Capacitors

The C67 Case Size I Monolythic capacitor has a construction of

stacked ceramic dielectric layers 0. 0025 in. thick and connected
electrically in parallel. These layers are intimately bonded to each

other through high-temperature sintering. The ceramic material is a
barium titanate, which has a dielectric constant of about 2000 at room
temperature, and which is stable to +10%6, -15%6 between -55*C and 1259 C.
The capacitor is enclosed in a tubular case which is 0. 25 in. long and
0. 095 in. in diameter.

4. 2 Characterization of Improved Capacitor

It was stated in the Seventh Quarterly Progress Report that a

slight change in the C67 composition was made which has resulted in

improved life test stability of the Case Size I Monolythic capacitors.
The improvement in life test stability indicates an increase in time-to-

failure at high temperatures by perhaps a factor of 10. Figure 1 shows
typical resistance vs. time curves at 150°C for the obsolete C67 Case

Size I Monolythic capacitor and for the improved capacitor. The

composition changes leading to increased life test stability have affected

neither the dielectric constant nor the stability of dielectric constant with
temperature.

Some of the characteristics of the improved capacitor were reported
in the Seventh Quarterly Progress Report. Additional characteristics of

the improved capacitor were investigated during the eighth quarter, in

particular the response of the capacitor to direct voltage as a function of

time, temperature, and age.

Curves showing charge current as a function of time at 85*C for a

new capacitor at several voltages are presented in Figure Z. The time to

reach the condition of steady-state current with a particular voltage at
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850C is about an order of magnitude greater than at 150°C (see Figure 11,
Seventh Quarterly Progress Report). All the data presented in Figure 2
were obtained on the same capacitor. The capacitor was charged in steps
of increasing voltage, and between chargings, it was stored at 850C for at
least 16 hr. The data in Figure 2 are plotted as steady-state current vs.

4 time in Figure 3. It is seen that current at 85C is proportional to V 41
F-below 300 V, which is the same relationship as was found at 1506C (see

Figure 12, Seventh Quarterly Progress Report). At 85°C and above,
30!0 V steady-state current is proportional to V2 . 60

The data presented so far have been on new capacitors, i.e., on
capacitors not previously voltage stressed to any appreciable degree. In
Figure 4, data on current as a function of time at 85°C are presented for
a capacitor which had previously been subjected to 240 V/mil at J50*C
for several hundred hours. The behavior is qualitatively the same as for
the new capacitor described in Figure 2. The relationships of steady-state
current to applied field at 850C and 150°C for previously aged capacitors
are presented in Figures 5 and 6. As with new capacitors, the conductivity
of the aged capacitors is non-ohmic.

The activation energy for conduction of the improved capacitor had
previously been determined at 93 V to be 1. 05 eV. On the basis of the
data shown in Figure 7, the steady-state resistance as a function of
temperature at ZOO V is plotted in Figure 8. In this instance, the activation
energy for conduction of the improved capacitor is 1. 00 eV. Because of
the scatter in data points, the difference between activation energies at
93 V and 200 V is probably not significant.

Charging current as a function of time at 95 V on an aged capacitor

is presented for a variety of temperatures in Figure 9. The steady-state

resistance as a function of temperature for an aged capacitor at 95 V and
195 V is plotted in Figure 10. It can be seen on this figure that the activation
energy is 1.04 eV. Therefore, the activation energy for conduction of an
aged capacitor appears not to be significantly different from that of a new
capacitor.

The behavior of the resistance with time of several improved
capacitors at 1500C and at several voltages is presented in Figures 11
through 13. The capacitors display stable resistances for 1000 hr or more
when stressed as high as Z40 V/mil. The capacitors are still on test,

Experimental results presented in the First and Second Quarterly
Progress Reports indicated that the mean-time-to-failure on life test of
the obsoleted capacitors was somewhat dependent upon the sense of pre-life
test direct voltage application. If the sense of the voltage application on
life test was the same as before life test, then mean-time-to-failure was
less than for capacitors not stressed before life test. However, if the
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sense of voltage application before life test was opposite that during life
test, mean life times longer than normal were observed. It appears, on
the basis of the data presented in Figures 14 and 15, that the improved
variety capacitors would display longer life times if, after a period of
service, the sense of the voltage could be reversed. These data suggest
that it should be possible to examine capacitors at some accelerated
condition of temperature and voltage for stability of resistance with time,
and, after examination has been made, reverse the voltage for a period
of time so as to rejuvenate the capacitors to their initial state. If it
could be known positively that a given capacitor had at least a minimum
measure of stability at severe conditions of voltage and temperature,
then it should be possible to estimate the stability of the capacitor at
milder temperature and voltage conditions. The estimation would be
based on certain temperature-voltage-time dependencies observed
concerning certain characteristics of the obsoleted capacitor.

4.3 Large-Scale Life Testing

A total of 753 Case Size I C67 Monolythic capacitors are now under-
going life test. These capacitors are the original version of this unit,
and therefore lifetimes which are shorter than those for the improved
version will be observed at a given temperature and voltage. Although
the original version is now obsolete, life testing of the 753 capacitors was
continued in an attempt to gain knowledge about the lifetime of barium
titanate ceramic capacitors.

The capacitors which are on test are grouped as follows:

Class I This group consists of 200 capacitors which were flashed
in the unfired state at 1. 5 VDC. A total of 100 of these
capacitors were then burned-in at 50 VDC and 150°C for
24 hours, while the other 100 were not. Average
capacitance for Class I capacitors is 0. 0075 1 if.

Class II This group consists of 293 capacitors which were flashed
in the unfired state at 500 VDQ. A. total of 147 of these
capacitors were then burned-in at 50 VDC and 1500C for
24 hours, while the other 146 were not. Average
capacitance for Class II iUnits is 0. 0085 f.

Class !II This group consists of 260 capacitors which were flashed
in the unfired state at 1000 VDC. A total of 130 of these
capacitors were then burned-in at 50 VDC and 1500°C for
24 hours, while the other 130 were not. Average
capacitance for Class III units is 0. 0084 ±f.
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The purpose of the voltage testing in the unfired state was to
eliminate from further processing those capacitors whose counter

j electrodes are in contact or are separated by gas inclusions or ceramic
material having less than nominal thickness. The underlying assumption
was that capacitors which displayed such defects before firing would also
display defects against long life after firing.

The burn-in conditions of 1500C and 50 V for 24 hr were chosen so
that the majority of the capacitors would not be degraded, i..e., have
their resistance lowered substantially. Only capacitors which might be
early failures in service would be degraded. It was thought that short-
lived and long-lived capacitors might be more easily distinguished on the
basis of a resistance measurement if the capacitors were subjected to
DC voltage for a time before-being placed on life test.

Pre-life test measurements of these capacitors before and after
burn-in included capacitance and dissipation factor at 1 kc/sec and
resistance at 100 VDC and Z5"C and at 100 VDC and 1500C after 30 min
of electrification. The 30-minute electrification time was chosen because
a long time is usually required to reach the point of steady-state resistance.
Capacitors which require the longest time to reach this point also appear,
in general, to display the longest life times and the highest values of
resistance. Therefore, the differences in resistance which will allow
differentiation between potentially long-life and short-life capacitors
should be more pronounced after 30 minutes of electrification than after
only one or two minutes. A. review of the background material leading to
the approximate life time formula presented in the Sixth and Seventh
Quarterly Progress Reports for the original version of this capacitor will
help the understanding of this point.

The distribution of resistance values at 250C and 150 0C for the
three classes of capacitors was presented in the Sixth Quarterly Progress
Report. The distribution at 25C for each class of capacitors indicated a
fairly uniform quality, but the distribution of resistance values at 1500C
indicated a variable quality. This variability was greatest for the Class I
capacitors. Quality variability among the various classes could not be
related to voltage flashing of the unfired parts.

.* An inspection of the distribution of resistances at 1500C indicated
that any capacitor having a resistance greater than 200, 000 MO could be
called normal, while a capacitor having a resistance less than 200, 000 MU
could be considered abnormal or substandard.

The life testing of the units is following a step-stress plan, which
to date has comprised the following:
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85*C and 50 VDC for 1000 hr; resistance read at 24, 500, and
1000 hr.

85°C and 100 VDC for 500 hr; resistance read at 24, 65, and
5010 hr.

1050C and 100 VDC for 1000 hr; resistance read at 500 and
1000 hr.

IZ50C and 100 VDC for 2000 hr; resistance read at 72, 250, 500,
1000, 1500, and 2000 hr.

The capacitors are continuing on test at 125°C and 100 VDC. The

percentage of failures noted at the different readout times for the three
classes of capacitors is presented in Table 1. A capacitor is considered
a failure when its resistance at test conditions drops below 100 M2. This
definition is somewhat arbitrary, but it serves to indicate when a normal
capacitor is wearing out.

Table 1 indicates a significant difference in mean life times between
the three classes of capacitors. Whatever the explanation, this difference
cannot, with any confidence, be ascribed to defects in the unfired strips,
as detected by flash voltage testing, for the same reasons that the
variability of initial resistance at 150°C cannot be explained in this way.
These reasons were presented in the Sixth Quarterly Progress Report.

. .It will be seen on perusal of the data in Table I that the percentage
of failures actually decreases in several instances as time on test is
increased. This occurs because a capacitor may be technically a failure

.- at one readout time, according to the definition adopted, but the resistance
may subsequently increase so as to be outside the range of the failure
definition. Table 2 in the Seventh Quarterly Progress Report presents
many such examples.

Further classification of early failures is presented in Table Z,
which has been reproduced from the Seventh Quarterly Progress Report.
The classification depends on whether the initial resistance at 15000 after
30 min of electrification with 100 VDC was above Z00, 000 MR, and whether
the capacitors were burned-in before the beginning of life testing. The
life testing to which the capacitors were subjected is comprised of the
850C and 1050C voltage conditions and the times shown in Table 1. In

" compiling data for Table 2, only those capacitors which had resistances
greater than 1, 000, 000 MQ and 100, 000 MU at every readout time were
included. The same is true for the failures indicated, i.e., if the
resistance of a capacitor was less than 100 MQ at any readout time, it
was considered a failure for all subsequent readout times, even if its
resistance subsequently increased to a value above the failure point.
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The classification point of 200, 000 MO initial resistance at 150°C
was chosen because earlier inspection of.resistance distributions seemed
to indicate that capacitors having resistances greater than this value

* might be considered normal, while those showing lower resistances
might be considered abnormal.

4 The conclusion reached regarding the information in Table 2 is that
capacitors having initial resistance at 1500 C greater than ZO0, 000 MO will
produce a smaller percentage of early failures on life test than capacitors
having initial resistance less than 200, 000 MO2. This conclusion seems
valid whether or not a capacitor is defined a failure when its resistance at
test conditions becomes less than 1,000, 0,00 M0, less than 100, 0,00 M2, or
less than 100 M 0. It is more difficult to reach a conclusion regarding a
comparison between capacitors having initial resistance greater than
200, 0010 MO after burn-in and capacitors not burned-in but having initial
resistance greater than 200, 000 MO. in general, it appears that capacitors
will be more reliable, with respect to early failure, if they are burned-in
before measurement of initial resistance than if they are not burned-in.
This conclusion is clearly demonstrated in the case of the Class III
capacitors (and, to some extent, in the case of the other two classes) at
the resistance divisions of 1,000,000 MO and 100,000 MO.

The analysis of the life test data on Class III capacitors has been
extended to include testing at 1250C and 100 VDC for 1000 hr, in addition
to the-preceding schedule of life testing at 850C and 1050C. The data on

Class I and Class II capacitors were not analyzed beyond the conditions
and times at l05*C because these classes demonstrate a sizeable percentage
of failures after only a short time at 125°C, as can be seen in Table 1. An
extended analysis might therefore tend to confuse the relationship between
early failures, burn-in, and initial resistance.

The extended analysis of life test data for Class III capacitors is

presented in Table 3. The most reliable capacitors are those which received
burn-in and which after burn-in had resistances exceeding 200, 000 MO at

S 1500C after 30 min electrification with 100 VDC. This statement is clearly
true if failure is taken to mean a resistance less than 1,000,000 MO, or less
than 100, 000 MO, or less than 10, 000 MIR at test conditions.

It is not surprising that capacitors having high initial resistance
at 1500C (i.e., greater than 200, 000 MO) should, in general, display
greater reliability than capacitors having low resistance at 150°C. The
life time formula for individual capacitors described in the Seventh
Quarterly Progress Report contains two important elements relating
directly to life time, namely, time-to-peak-resistance and peak resistance.
In the majority of instances, these are related to initial resistance as it
is being measured here. In Figure 2 of the Sixth Quarterly Progress

Report, it can be seen that high values of resistance at 1500C after
several minutes of charging seem to indicate high values of peak
resistance. In Figure 9 of the Seventh Quarterly Progress
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Report, it can be seen that capacitors displaying long times to peak
resistance generally have the highest values of peak resistance.
Therefore, in the majority of instances, it can be expected that, after
several minutes of charging, capacitors displaying normal or high values
of resistance relative to the population as a whole at accelerated conditions
of testing will be more reliable with respect to the occurrence of early
failures on life test than those capacitors displaying abnormally low values
of initial resistance.

4. 4 Life Time of C67 Case Size I Monolythic Capacitors

The Seventh Quarterly Progress Report presented the details of an
approximate life time formula derived on the basis of the resistance vs.
time features of the obsoleted version of this capacitor at various
temperature and voltage conditions. The principal elements in this
formula were peak resistance, time-to-peak-resistance, and a degradation
rate. The principal elements can be readily discerned from the resistance
vs, time curve for an obsoleted capacitor presented in Figure 1 of this
report.

An experiment to determine if an empirical relationship exists
between time-to-peak-resistance or peak resistance at 1500C and 185 VDC
and life test behavior at lower temperatures for 27 C67 Case Size I

iMonolythic capacitors was begun several months ago and has now been
terminated. The capacitors used in the experiment ranged in capacity
from 6, 000 to 10, 000 1± f and were from three different lots.

The life testing of these capacitors followed a step-stress design
according to the following schedule:

859C and 100 V for 340 hr
850C and 200 V for 1500 hr

1050C and 200 V for 2350 hr
125C and 200 V for 524 hr

The resistance of the capacitors was periodically determined at
test conditions. The characteristics of these capacitors, such as time-
to-peak-resistance and peak resistance as well as the resistance of the
capacitors at various times during testing, are presented in Table 4.

Not all the capacitors were severely degraded during the course of
testing. None of the capacitors failed catastrophically. Because of the
test circuitry, the applied voltage was divided between the test capacitor
and a 1 MP resistor in series with the capacitor. Therefore, when the
resistance of the capacitor on test dropped to less than 10 MQ, a
substantial fraction of the applied voltage was removed from the test
capacitor.
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In general, the data in Table 4 indicate a relationship between
time-to-peak-resistance and stability of resistance on life test. Capacitors
having short times-to-peak-resistance at 1500C and 185 VDC.degraded to
low values of resistance on life test, whereas capacitors showing long
times-to-peak-resistance did not degrade on life test.

In practice, the selection for potentially long life of titanate ceramic
capacitors displaying resistance vs. time characteristics similar to the
obsoleted version of the C67 Case Size I Monolythic capacitors would be
made on the basis of resistance determinations at 1500C or other severe
temperatures for a period of time sufficient to ensure that the capacitor
has At least a certain minimum value of time-to-peak-resistance.

4.5 Selection of Long Life Capacitors of the Improved Version

An experiment has been started with the goal of establishing a
procedure for the selection of long life capacitors of the improved version.
The experiment is designed not only to demonstrate that the selection
procedure is effective but also to supply evidence to support assumptions
-made about the improved capacitor. Information previously obtained on

* the obsoleted version of the C67 Case Size I Monolythic capacitor was used
to guide the design of the experiment.

An outline of the different parts of the experiment is presented in
Figure 16. Essentially, the plan to demonstrate that the life lost by a

* capacitor during a brief period of accelerated testing can be regained by
application of voltage of opposite sense for a time. That this is true for
the obsoleted version of the capacitor was demonstrated in the First and
Second Quarterly Reports. Further, it is hoped to demonstrate that if a
capacitor is capable of a given performance at some accelerated condition,
it will deliver at least a certain minimum standard of performance at
milder conditions.

The following two-step screening technique is used in the experiment:

Step 1 - The capacitors are subjected to 300 VDC at 1500C for
72 hr, during which time the resistance of acceptable

capacitors may not vary more than 20%.

Step Z - The acceptable capacitors from Step 1 are subjected to
300 VDC applied in the opposite sense at 150'C for 72 hr,
during which time the resistance of acceptable capacitors
may not vary more than 20%.
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The purpose of Step 1 of the screening program is to identify those
capacitors which have not reached the point of onset of degradation. These
capacitors would be subjected to Step, Z, while those capacitors displaying
degradation would be discarded. In this experiment, however, no
capacitors will be discarded.

The purpose of Step 2 of the screening program is to rejuvenate
normal capacitors and to detect those capacitors which might be sensitive
to polarity because of some construction or material defect.

The tolerance of 2076 on resistance variation may be reduced if very
close control over temperature and electrical interference Can be achieved.

if it is assumed that a capacitor which passes the screening program
* can survive 30:0 VDC of either sense at 150*C for 72 hr without reaching

the onset of degradation, the minimum time-to-onset-of-degradation can
then be calculated, making use of relationships derived from the obsoleted
version and accommodating them to the improved version with certain
other assumptions. in particular, the accommodated relationships used
to estimate minimum time -to-onset- of- degradation are:

td = to exp ( .- ) where Aw = 0.90 eV
d 0 kT

and td ccV- 2 7

Some sample calculated results are:

Minimum Time-to-
Conditions Ons et - of -Degradation

150°C and 100 VDC 8 weeks
15QC and 50 VDC 52 weeks

125'C and Z00 VDC 6 weeks
1Z5°C and 100 VDC 38 weeks
1Z5 0C and 50 VDC 4.8 years
85'C and Z00 VDC 2.2 years
850C and 100 VDC 14 years
850C and 50 VDC 89 years

A detailed presentation of data obtained to date or the capacitors
being used in the experiment outlined in Figure 16 is given in Figures 17
through 24.
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The distribution of capacitance values is shown in Figure 17.
Average dissipation factor at 1 kc/sec., 0. 5 Vrms, was 1. 0%. The
extreme values of dissipation factor were 0. 9% and 1. 1,%.

Figure 18 shows the distribution of RC products for the capacitors
before the screening program. In calculating RC product resistance at
100 VDC and 150°C, 30*3 min electrification was used together with
capacitance at 25*C, I kc/sec., 0.5 Vrms. The spread in RC products
is about one order of magnitude.

Figure 19 shows the distribution of RC products after one hour and
after 72 hr in Step I of the screening program, and Figure 20 shows the
distribution of RC product changes between one hour and 72 hr in the
program. During the course of burn-in, the resistance of most
capacitors decreases. For two per cent of'the capacitors, the resistance
decreases more than 20%0. Figure 21 shows resistance vs. time during
Step I of the screening program for an average capacitor (No. 225) and
three non-typical capacitors. Except for capacitor No. 246, the non-typical
capacitors during Step 1 had typical RC product values before the screening
program.

Figure 22 shows the distribution of RC products after one hour and
after 72 hr in Step 2 of the screening program. None of the capacitors
from Step 1 which behaved unusually (i. e., Nos. 246, 253, and 260) were
subjected to Step Z. Figure 23 shows the distribution of RC product
changes between one hour and 72 hr in Step 2 of the screening program.
There were no unusually behaving capacitors detected in Step 2.

The capacitors outlined in Figure 16 are now on life test at 1250C
and 200 VDC. After 250 hr at this condition, none of the capacitors
which survived the screening program has reached the onset of degradation.
(These capacitors are in positions A and B of Figure 16.) The life testi', ... . ..behavior of the average capacitor and the non-typical capacitors described

in Figure 21 is shown in Figure 24. Capacitor Nos. 225 and 246 are in
position D in the Figure 16 outline, and Capacitor Nos. 253 and 260 are
in position C.

Life testing of the capacitors is continuing.

41
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124 Improved C67 Case Size I
Monolythic Capacitors. 01 .... )

Measurements: Capacitance

and Dissipation Factor
at 25*C, I kc/sec

Measurement: Resistance

at 150°C, 100 VDC after
30 min electrification

100 Capacitors

Test: 150°C, +300 VDC,
for 72 hr

(Resistance is monitored)

53 Capacitors
S"Test: 1509C, -300 VDC

!++. for 72 hr

(Resistance is monitored)

CDE
2 9 Capa citors 24 C apacitors Z4 Capacitors 23 Capacitors 24Capacitors

Life Test: 125*C, Life Test: IZ5*C, Life Test: 125*C ILife Test. 25*CI

EXPERIMENT TO SELECT CAPACITORS HAVING POTENTIALLY LONG LIVES

Figure 16



IA 1

U

0 8

Q4 J

0

j4JUA-

I

00

FOR~~~~~~ ~~~~~ NEW IMROE 0.If6 AESZ MNLTfCCPCTR
CIaiac at IC 1Ac/e

IFiur 17



-7-- 04 :-

00

0

0-4

0 0 0 0 0 0 0C 0 ,-

-P-

pnpoJ44 fJ en~[Utj 9'L ~~~~ ~ ~ ~ . w~3~1~ .o~~~ OWD~



11-1

_D 0

0

J. . . -4-4~- - 1 --

t4114

0

-- -- o--0---0 0 " .
oc

4P



.. ....... ..... ... tn-- ----------- ---
i HIT- --- ---

........... ...... ........... mt
--- 4HA _4

.......... ------ ----------------- ------ ---- --
0 ZU)

...............

- --- ------- -- - - ----- ------

z

T't--- ------ - ---------------------- --- -- ---- T-.::.- Fl P f-.- ITT71 7. M lu
-----------------

X ---- ----------

---- -----------

PH]
-- - . 0 N- ---------- --- ----- - -44-- -4

4J 4J N

+ 
al

-. :::x x Z 4

t4;- rX4 '-4
. ........ .. 

w 0 u NZ 4JT UX. ...... tn > tn

cr, to tkoM. :::: :- - - ld .. r
X

X

4J 0

0

P4 CD N
0

41

0
0. . .........M X . . ......... M1.1, U------------- H-+H++

4,1
:XXX w

12 

f-4

. . ......... ...

C) a C)0
0 all W %0 Ln "4

pQ4,eojpuj uieq4 soo-r eowelsiso-g
OAIV 10-d SUTAVH 8404TOvdleo jo 4UC.3 locl



1080,313 10- 8 ~ O

LL



-L-

z0

0 d
0 0 0 0 0 0 0 0 L

tA 0 W~'

k I

I iA



----------- Ln--------------
. . . . . .- --- -- -- - -- - --EEE T: X_R+ 

- -- - -- - -- - --H±
H+

REE
iff

m 6 --- -- -
------------ ----- -- ----- Z-- --- -------- ------ -- --- -- - --- ------------ En-- --- ------ -------- -- -- ----------- --- -------- 04

:7 4----------

I I
- --- ----------

W4
------------ I Ln mr4-- (d I u
-7 ---------- ---
...........

.04

..... ---- --

>

0
40 Z

0
-4 M. C)

rZ4
U)

0
Ni

T: 4)
4j u) > Ln... ... U-1 M A4 -,4 0-4

W 4-1

C)
14

0

-4fp 

EA
14 0....... ... EO)

X 14 4

P4 ;-4

4-

0 o 4)
()0 u

M
(a

0 C4

00

do r- %0 Ln en N
r;4

PDIVD'EPUI UVID goorl DOUV40TSO-d

QA14VT;R-d OUTA-eH szo4jo-edvC) jo 4uoo zed



I il

. ; .' , ,: ~~~2. r i i { . , . . . ; , , ' ..- ~

=~~~ IO;.I.

A. ....J ' ! [:' '

107 .1.L. . . .

,'1 10 1 00 1000
!~T mr.ve hr)

RESISTANCE VS TIME
. FOR IMPROVED 0. 01 fC67 CASE SIZE I MONOLYTHIC CAPACITORS

I Conditions: 200 VDC, I25C

i Figure 24



SECTION 5

CONCLUSIONS

(1) A slight change in the C67 composition has resulted in improved
life test stability of the Case Size i Monolythic capacitors. This
change has not affected the dielectric constant or temperature
coefficient of dielectric constant.

(Z) Characterizations on the improved capacitor with respect to leakage
current and voltage, temperature and time were performed during

* "this period. The steady-state electrical conductivity of both new
and aged capacitors is non-ohmic. In general, conductivity is
proportional to V1 . 4. The thermal activation energy for electrical

conduction for both new and aged capacitors is 1. 05 eV. It appears
* .that the life time of a capacitor subjected to direct voltage testing

can be extended if, after a period of time, the voltage sense is

" reversed.

(3) An experiment has been started to examine the value of a selection

- technique for the detection of potential early failures from among

the improved capacitors. The design of the experiment was greatly
influenced by the characteristics of the obsoleted version of the

capacitor and the life time formula developed for it. Results from
the early stages of life testing indicate that capacitors which
demonstrated resistance instability during screening will probably
be the first to fail life test.

(4) The results of step-stress life testing of 27 capacitors of the

obsoleted version indicate that time-to-peak-resistance at

accelerated conditions is a meaningful indication of relative life
times at less severe conditions of temperature.

(5) The life test of 753 C67 Case Size I Monolythic capacitors of the

obsoleted version was continued. It would appear -that a necessary

j but not totally sufficient condition for the prevention of early failure

is that the resistance value at 1500C exceed 200, 000 MU in the case

5-1" .... I,



of 0. 008 lf capacitors. Very low values of resistance, relative

to the population as a whole, generally indicate low values of
time-to-peak-resistance, which, according to the life time formula
developed during the seventh quarter, is directly proportional
to life time.

'1

.... :: 5-2



SECTION 6

PROGRAM FOR NEXT QUARTER

(1) Examination of the screening program for the selection of long-
lived capacitors of the improved version will continue. Application
off the approximate life time formula to the improved capacitor
will be examined.

(2) The manufacture of 1500 0.0i ±f capacitors of the improved version
for voltage-temperature matrix testing will begin.

(3) The step-stress life testing of 753 capacitors will be continued.

I
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